• Robotic assistance in medicine has been a revolution.
Interventional radiology has dramatically increased since its advent in 1953 [1] . Image guidance, initially based on X-rays, became more sophisticated with digital imaging subtraction, MD-CT, CB-CT, and multimodality image fusion, and even PET-CT guidance. Dedicated software for 3D imaging guidance were developed like automatic feeder detection and 3D needle path trajectory, with the addition of electromagnetic or optic guidance for needle navigation.
Robotic assistance in medicine has been a revolution. It started with a stereotaxic brain tumor biopsy in 1988 based on computed tomography images [2] . It progressively reached multiple surgical applications, like robotic assistance in cardiac surgery for aneurysm and large atrial septum defect repair by mean of endoscopic manipulations in 1988 [3] . The technique was promising as endo instruments offered five degrees of freedom compared with the seven degrees of freedom of the physician's hand. The greatest impact of robotic surgery is increased precision and accuracy during tissue manipulation. Conversely, the cost is an initial lack of depth perception and pressure feedback. In 2000, a surgical operation was performed from another continent by an operator who remotely controlled the robot [4] . Since then, the robot Da Vinci (Intuitive Surgical) has been routinely used for various applications in cardiothoracic surgery (coronary bypass), hepatobiliary surgery (hepatectomy, cholecystectomy), general surgery (colectomy), urology (prostatectomy), neurosurgery (tumor resection, external ventricular drainage), and gynecology (hysterectomy). Other robots are dedicated to orthopedic surgery like Rosa (MedTech Surgical) [5] .
The use of robots has naturally extended to interventional radiology for percutaneous and endovascular interventions. First-generation of robots helped with the orientation of the needle with two degrees of freedom. Then, robots gained up to six degrees of freedom and extended intervention possibilities. The AcuBot robot developed in the URobotics Laboratory at Johns Hopkins Medical Institutions offered a 2-mm precision. Its use was feasible, safe, and fast for biopsy or percutaneous ablation of various organs [6] . The guidance is mainly performed with a remote (computer or joystick) allowing the operator and his team not to be exposed to X-rays. Hiraki et al report in the current issue the first-in-human experience of Zerobotic (Meicalnet) needle guidance under CT fluoroscopy for biopsy in ten patients [7] . The team reported feasibility and safety. All biopsies performed at various sites were contributive. Mean fluoroscopy time was 29 s (range, 4-124 seconds), robotic intervention, 4 min (range, 0-23 min); and total intervention time, 29 min (range, 17-53 min). This is compliant with the clinical routine, even if we can already foresee that robot installation time is one of the weaknesses.
The Magellan robotic catheter system from Hansen Medical has been evaluated for endovascular aortic repair and various transarterial embolizations [8] [9] [10] . Its use may be combined with image fusion guidance as pre-intervention 3D-computed tomography angiography overlaid onto live 2D fluoroscopy [11] . Remote catheter control allows to reduce the radiation exposure of the medical team. The force-sensing technology that helps manage the contact force and provides some "palpation effect" has been added to enhance the information provided by the robot to the physician.
In vascular navigation, robotic has still some major drawbacks such as a limited choice of catheter shapes, too large catheters, and their relative stiffness when compared with standard catheters used today. Moreover, the cost of the robot itself and of the catheters, as well as installation time still remain important issues.
Artificial intelligence will potentially help. There is ongoing research in this direction: Fagogenis et al reported an in vivo animal study of autonomous intra-cardiac robotic. The catheter used haptic vision, a hybrid sense using imaging for both touch-based surface identification and force sensing, to follow the wall inside the blood-filled heart [12] . This might avoid the risk of excessive manipulation and tissue damage.
Robotics in interventional radiology is at the beginning of an exciting story, but there is still a long way to go. Within the next few years, robots will probably use straight highways like needle guidance, but more time will be needed before they will be able to help the interventional radiologist drive through tortuous countryside roads as routinely faced in endovascular navigation.
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